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SPECIFICATION 

[TITLE OF THE INVENTION] Scanning Optical System 
[ABSTRACT] 

[Object] To provide a scanning optical system of a laser optical 
system, which prevents black lines. 

[Construction] An optical system which deflects a light flux 
emitted from a light source by a deflector via an incidence 
optical system, and forms an image on a scanning medium via 
a scanning optical system, wherein an intensity distribution 
changing means which changes an intensity distribution so that 
the transmittance becomes almost maximum around the optical 
axis and becomes smaller as it separates from an optical axis 
in the scanning direction is provided in the incidence optical 

system. 
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[WHAT IS CLAIMED IS:] 

[Claim 1] A scanning optical system which deflects a light flux 
emitted from a light source by a deflector via an incidence 
optical system, and forms an image on a scanning medium via 
a scanning optical system, wherein an intensity distribution 
changing means which changes an intensity distribution so that 
the transmittance becomes almost maximum around the optical 
axis and becomes smaller as it separates from an optical axis 
in the scanning direction is provided in the incidence optical 
system. 

[Claim 2] The scanning optical system according to Claim 1, 
wherein the intensity distribution changing means is an 
intensity distribution changing filter. 

[Claim 3] The scanning optical system according to Claim 1, 
wherein the intensity distribution changing means is a coating 
film on optical elements inside the incidence optical system. 

[Claim 4] The scanning optical system according to Claim 1, 
2, or 3, wherein the transmittance distribution of the 
intensity distribution changing means exits in only the 
scanning direction, and the transmittance distribution in the 
vertical scanning direction is uniform. 

[Claim 5] The scanning optical system according to Claim 1, 
wherein an intensity distribution changing means satisfying 
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the following relationship: 
Tmax/To < 0,3 

is set, provided that the amplitude transmittance at the end 
of the scanning direction of an effective light flux that enters 
the intensity distribution changing means is defined as Tmax 
and the amplitude transmittance at the periphery of the optical 
axis is defined as To. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[Field of the Invention] The present invention relates to a 
laser optical system comprising a laser light source, more 
specifically, a scanning optical system using a laser optical 
system to be used for laser printers, digital copying machines, 
etc . 

[0002] 

[Prior Art] In accordance with the popularization of laser 
printers, laser facsimiles, and digital copying machines, etc., 
more inexpensive, more compact, and higher-performance 
scanning optical systems have been demanded. Therefore, 
recently, even in a scanning optical system of a laser printer, 
etc., aspherical lenses have been generally used in order to 
reduce the number of lenses and realize compactness. To obtain 
such aspherical lenses at low cost, use of plastic lenses is 
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essential. 

[0003] However, since plastic lenses are manufactured by resin 
forming molds, machining accuracy for molds is very important 
and high machining accuracy is required, wherein high molding 
techniques are required. Although high accuracy has also been 
required for plastic lenses used in scanning optical systems 
using laser optical systems, such accuracy has not always been 
satisfactory. 

[0004] 

[Problem to be Solved by the Invention] However, recently, 
demand for improvements in performance of scanning optical 
systems has been increasing in accordance with higher 
resolution and higher density gradation of laser printers, etc. 

[0005] For example, in the scanning optical system shown in 
Fig. 1, when the surface S4 is a mold surface of Type A including 
partial undulation of PV 0.05|im or more and PV O.ljim or less 
in the horizontal scanning direction, in printing results, 
black lines in the vertical scanning "direction may occur at 
the portion corresponding to the undulation in only the case 
of half-tone printing. Furthermore, different from the surface 
of Fig. 2(a), at the same position, when the surface is a mold 
surface of Type B having a shape pattern including less 
undulation as shown in Fig. 2(b), black lines hardly occur. 
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[0006] In this case, when the beam diameter at the image surface 
in accordance with the undulation on the surface is observed, 
the printing results reflect the black lines in printing. In 
a general beam diameter evaluation method for scanning optical 
systems, with respect to beam intensity distribution 
(hereinafter, referred to as a beam profile) at the image 
surface as shown in Fig. 3, a diameter with an intensity of 
1/e 2 (13.5%) of the maximum intensity (hereinafter, referred 
to as a clip level) is measured, and this is generally used 
as a resolution evaluation, whereby it is difficult to clearly 
show the status of the printing black lines by using this. 
[0007] However, as shown in Fig. 3, when the measurement is 
carried out by lowering the clip level to be lower than 13.5% 
in the beam profile, the diameter can be made to correspond 
to the printing black lines. 

[0008] Regarding the abovementioned Type A and Type B, the 
results of measurement of beam diameters at the image heights 
(+85mm to + 12mm) , measured at 1mm image height pitches and clip 
levels of 4%, 6%, 8%, 10%, and 13.5% are shown in Fig. 4 through 
Fig. 7. 

[0009] Herein, Fig. 4 and Fig. 5 show the results of measurement 
in the horizontal scanning direction and the vertical scanning 
direction, respectively, when the surface is Type A, and Fig. 
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6 and Fig. 7 show the results of measurement in the horizontal 
scanning direction and the vertical scanning direction, 
respectively, when the surface is Type B. 

[0010] Comparing Fig. 4 and Fig. 6 showing the results of beam 
diameter measurement in the horizontal scanning direction of 
Type A and Type B, no great change is shown in the beam diameters 
at a clip level of 13.5%, however, when the beam diameters at 
clip levels of 4% through 8% are observed, the beam diameter 
of Type A greatly changes, and In comparison to this, the change 
in Type B is smaller. 

[0011] This corresponds to the results of measurement of the 
surface undulation (Figs. 2(a) and (b) ) and the printing 
results. With regard to the vertical scanning direction, no 
great beam diameter change is observed even when the clip level 
is lowered as shown in Fig. 5 and Fig. 7. 

[0012] From the abovementioned results, regarding the black 
lines in the printing results, it is. expected that partial 
undulation influences the beam profile in the horizontal 
scanning direction of the image surface, and a resultant slight 
change in beam diameter causes the black lines. 
[0013] Therefore, it is necessary to achieve higher accuracy 
in machining techniques so as to suppress partial undulation 
to PV 0 . 05j^m or less, however, this limits the performance range 



of processing machines, so that a processing machine having 
an accuracy of at least lOnm becomes necessary. In the future, 
development of higher-gradation photoreceptors is expected, 
and there is a possibility that even higher accuracy will be 
demanded, while satisfying such a required accuracy is beyond 
the limits of plastic lenses. 

[0014] The present invention has been developed so as to solve 
the abovementioned problem. Namely, under the circumstances, 
an object of the invention is to provide a scanning optical 
system of a laser optical system which prevents the occurrence 
of black lines. 

[0015] 

[Means for Solving the Problem] The abovementioned object is 
achieved by employing the following construction. 
[0016] (1) A scanning optical system which deflects a light 
flux emitted from a light source by a deflector via an incidence 
optical system, and forms an image on a scanning medium via 
a scanning optical system, wherein an intensity distribution 
changing means which changes an intensity distribution so that 
the transmittance becomes maximum around the optical axis and 
becomes smaller as it separates from an optical axis in the 
scanning direction is provided in the incidence optical system. 
[0017] (2) The scanning optical system according to (1) 
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mentioned above, wherein the intensity distribution changing 
means is an intensity distribution changing filter. 
[0018] (3) The scanning optical system (1) mentioned above, 
wherein the intensity distribution changing means is a coating 
film on optical elements inside the incidence optical system. 
[0019] (4) The scanning optical system according to (1), (2) , 
or (3) mentioned above, wherein the transmittance distribution 
of the intensity distribution changing means exits in only the 
scanning direction, and the transmittance distribution in the 
vertical scanning direction is uniform. 

[0020] (5) The scanning optical system according to (1) 
mentioned above, wherein an intensity distribution changing 
means satisfying the following relationship: 
Tmax/To < 0.3 

is set, provided that the amplitude transmittance at the end 
of the scanning direction of an effective light flux that enters 
the intensity distribution changing means is defined as Tmax 
and the amplitude transmittance at the periphery of the optical 
axis is defined as To. 
[0021] 

[Action] As an action relating to Claim 1, when light having 
a uniform light intensity distribution enters, in the beam 
profile form at the image surface, a side lobe with a certain 
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intensity is generated even when there is no aberration. 
Therefore, residual aberration remains, and when the light flux 
passes through a refracting medium (lens) including the 
existence of undulation, coma aberration changes in response 
to changes in the phase of the undulation, and the intensity 
of the side lobe changes. This causes black lines. 
[0022] Then, when light whose intensity becomes maximum at the 
periphery of the optical axis and becomes smaller as it 
separates from the optical axis enters, the beam profile side 
lobe becomes smaller in status without aberrations. Therefore, 
even when a certain level of residual aberration exists and 
undulation exists, the permissible PV value of undulation at 
the surface of the refracting medium against black lines can 
be made larger. 

[0023] Furthermore, it has been experimentally proved that the 
occurrence of black lines is greatly influenced by undulation 
of the refracting medium in the scanning direction. 
[0024] Based on the abovementioned facts, it. is effective to 
use an intensity distribution changing means which changes the 
intensity distribution so that the transmittance becomes 
almost maximum at the periphery of the optical axis, and becomes 
smaller as it separates from the optical axis in the scanning 
direction. 
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[0025] As an action relating to Claim 2, when an intensity 
distribution changing filter is used as the intensity 
distribution changing means, its arrangement is easy and the 
optical system is also easily constructed. 

[0026] As an action relating to Claim 3, employment of a coating 
film for optical elements inside the incidence optical system 
as the abovementioned intensity distribution changing means 
does not creat an increase in the number of parts, and this 
is advantageous in terms of costs. 

[0027] As an action relating to Claim 4, the transmittance 
distribution is set in only the scanning direction, whereby 
the costs are further reduced. 

[0028] As an action relating to Claim 5, by setting Tmax/To 
^ 0.3, the side lobe in the beam profile becomes smaller, 
adaptation to various photoreceptors becomes possible, and the 
permissible ranges of residual aberration inside the optical 
system and the PV value of micro undulation on the refracting 
medium can also be widened with respect to the occurrence of 
black lines. 

[0029] 

[Embodiment] Hereinafter, an embodiment is shown. First, a 
verification method (simulation method) of the intensity 
distribution changing means used for explaining the effects 
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of the embodiment is described. 
[0030] * Verification method 

As a verification method, a beam profile (PSF: Point Spread 
Function) is calculated by replacing the scanning optical 
system with a simple model. 

[0031] Hereinafter, this method is described. 

[0032] (1) PSF (beam profile) calculation method 
A simple model is considered for analyzing the actual manner 
of influence on the beam profile from partial undulation on 
an optical surface. This model is shown in Fig. 8. 

[0033] This is a two-dimensional model including, on the 
assumption of the horizontal scanning direction of a scanning 
lens, installation of an ideal lens L aggregating the power 
of said scanning lens and a phase medium which is disposed 
between this ideal lens and an image surface and is remarkably 
thin, and has assumed surface undulation of continuous sine 
waves . 

[0034] Furthermore, the vertical scanning direction, hardly 
influences the occurrence of black lines when printing as shown 
in the results of Fig. 5 and Fig. 7, so that it is removed from 
consideration. Furthermore, immediately before the lens, a 
slit with a width 2D exists, and a laser beam is assumed to 
be a beam which passes through this slit, and parallel light 
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having an intensity distribution of gauss distribution enters. 
It is assumed that this incident light has a wavefront 
aberration representing aberrations of light emitted from a 
collimator and aberrations existing . in accordance with 
designed values within the scanning optical system. 
[0035] The system of coordinates of the slit in this case is 
defined as x lf the system of coordinates of the phase medium 
is defined as x 0/ and the system of coordinates of the image 
surface is defined as x f . Furthermore, when the amplitude 
distribution of a Gaussian beam is defined as G(x x ), the 
windowing function of the slit is defined as EI(x 1 /D) / the 
wavefront aberration at the slit is defined as W E (x 1 ) , and the 
amplitude distribution change due to the phase medium is 
defined as U p (x 0 ) , the amplitude distribution U f (x f ) at the image 
surface I is expressed as follows: 



[0036] 



[Numerical expression 1] 





[0037] Herein, 



[0038] 



[Numerical expression 2] 
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[0039] Herein, f denotes the focal length of the lens L, X 
denotes the wavelength, k = 2n/X, and d denotes the distance 
from the phase medium to the image surface. 
[0040] 

[Numerical expression 3] 

[0041] Furthermore, it can be assumed that P (x x ) denotes a pupil 
function, however, herein, it denotes an amplitude 
distribution on the x^coordinate and can be expressed as 
follows : 
[0042] 

[Numerical expression 4] 

P(x x ) = G{x } )• 11(^1) • exp[/(2* IX).W E {X x )] ... ( 2 ) 

[0043] Furthermore, 
[0044] 

[Numerical expression 5] 

X x =L Xd ...(3) 
a 

[0045] Therefore, (1) can be replaced as follows: 
[0046] 

[Numerical expression 6] 
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.\\{j{X,)G{tx,).Tl 



•exp -/— X 0 X f \dx Q 



[0047] Herein, the Gaussian amplitude distribution G(x x ) is 

expressed as: 

G(x x ) = G x exp (-ax, 2 ) ...(5) 

Furthermore, the amplitude change U p (x 0 ) due to the phase medium 
is expressed as: 

U p (x 0 ) = Bexp [jW(x 0 )] ...(6) (B: constant) 

W(x 0 ) denotes a wavefront aberration due to the phase medium, 

and is expressed as follows: 

[0048] 

[Numerical expression 7] 
W(x 0 ) = 27r(n-\).F{x 0 )/A ...(7) 

[0049] Herein, n denotes the refractive index of the phase 
medium, F(x 0 ) denotes a function showing the undulation form. 
[0050] Based on Numerical expression (4), the inside of the 
integration takes the form of the Fourier transform. It is very 
difficult to manually calculate Numerical expression (4) , and 
therefore, as in the case of Model 1, the mathematics of fast 
Fourier transform (FFT) are used. 



- 14 - 



[0051] Furthermore, when the point spread function (PSF) at 

the image forming surface is defined as PSF (x t ) ... (8) , 

this expression (8) shows the beam prof ile at the image surf ace . 

[0052] Furthermore, the amplitude distribution function of 
light that enters through the slit is described in detail . Based 
on Expression (4), the amplitude distribution function is 
composed of the light amount amplitude distribution G^xJ of 
the laser reaching the slit, n^/D) regulating the slit, the 
amplitude change U p (x x ) due to the phase medium, and the residual 
wavefront aberration W^xJ generated by an optical system 

(collimator, etc.) except for the phase medium. 

[0053] (2) Relationship between the Gaussian beam spreading 
degree and the slit width 

As shown in Fig. 9, when light emitted from a laser reaches 
the slit via a collimator, the PSF form on the image surface 
to be evaluated differs depending on the degree of eclipsing 
the amplitude G x (x x ) of the laser having a Gaussian distribution 
by the slit n(x 1 /D) . 
[0054] Herein, 
[0055] 

[Numerical expression 8] 



[0056] Therefore, herein, the eclipse degree of the Gaussian 
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beam must also be considered. The amplitude distribution 
function G(x 1 ) of the Gaussian beam in Expression (5) can be 
expressed by Expression (9) . 
[0057] 

G(x x ) = G^exp (-a-Xi 2 ) ...(9) 
(G x : amplitude value on the optical axis) 

Herein, a denotes a constant expressing the spreading degree 
of the Gaussian distribution in the amplitude distribution of 
the laser beam that has been emitted from a laser light source 
and reaches the slit via a collimator, and this constant is 
determined by the numerical aperture NA C0L of the collimator, 
the spreading angle (herein, half angle) 0 LD of the laser in 
the horizontal scanning direction, and the slit width 2D. 
[0058] When the focal length of the collimator is defined as 
f COL , the numerical aperture NA C0L of the collimator can be 
expressed as: 
NA C0L = D/f C0L 

[0059] Furthermore, the spreading angle 6 LD of the laser is 
defined as an angle with an intensity of 1/e 2 of the maximum 
intensity of the intensity distribution profile having a 
Gaussian distribution. 

[0060] This spreading angle is expressed by using the numerical 
aperture NA LD as follows: 
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NA LD = SIN(0 LD ) ...(10) 

[0061] The spreading angle 0 LD is defined as an angle with an 
intensity of 1/e 2 of the maximum intensity with respect to the 
intensity distribution, so that in the amplitude distribution, 
the angle is at the position at an amplitude of 1/e of the 
maximum amplitude. When a position X ILD on the slit 
corresponding to this is calculated, the position is expressed 
as : 

Gi(X ILD ) = 1/e 

Then, based on Expression (9), the following ' expression : 
[0062] 

[Numerical expression 9] 



[0063] is derived. 

[0064] In this case, from Fig. 10, the following relationship: 
[0065] 

[Numerical expression 10] 



[0066] is satisfied. 

[0067] The degree of eclipsing laser light by the slit is 
determined by the relationship between the numerical aperture 
NA C0L of the collimator and the numerical aperture NA LD of the 
divergence angle of the laser. Therefore, when the following 
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relationship: 
8 = NA C0L / NA LD 

is defined by using the eclipse degree s, the following 

relationship: 

[0068] 

[Numerical expression 11] 

[0069] is satisfied. When the value of the eclipse degree s 
is small, eclipsing of the light emitted from the laser by the 
slit increases, and when the eclipse degree s is great, 
eclipsing is reduced. 

[0070] (3) Correspondence between description of phase medium 

and actual model of scanning optical system 

When the function of undulation of the phase medium is defined 

as F(x 0 ) and wavefront aberration generated due to this phase 

medium is defined as W(x 0 ), the relationship between the 

undulation of the phase medium and the wavefront aberration 

is expressed, as shown in Expression (7), by the following 

expression. 

[0071] 

[Numerical expression 12] 
W(X 0 ) = 27r/A.(n-\)F(X 0 )...(H) 

[0072] (n denotes the refractive index of the phase medium.) 
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Herein, it is assumed that the phase medium is very thin. 
Therefore, in this model, no wavefront aberration change and 
no back-focus change as having an effect on the parallel plane 
plate of the phase medium are observed. Accordingly, the 
following expression: 
[0073] 

[Numerical expression 13] 
U P (X 0 ) = exp\jW(X 0 )] 

= exp\j27r/A»(n-\)F(X Q j\ ...(12) 
[0074] expresses an amplitude distribution change due to the 
phase medium. 

[0075] Herein, the form of the undulation of the phase medium 
is considered as a sine function. The undulation form F(x 0 ) 
is expressed, as: 

[0076] 

[Numerical expression 14] 
F(X 0 )=aSMy-{X 0 +S)...{13) 

[0077] Fig. 12 shows a sine function when the undulation of 
Fig. 11 is observed sideways. 

[0078] Furthermore, a denotes the undulation amplitude, Tp 
denotes the undulation pitch, and 5 denotes the phase of the 
undulation with respect to the optical axis. Furthermore, the 
PV value of the undulation is expressed as follows, 
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necessarily: 
PV = 2a ...(14) 

In an actual scanning optical system, as shown in Fig. 13, when 
the beam is scanned by a polygon mirror and undulation exists 
on the surface S4, the beam passes through the periodic 
undulation at almost a constant speed. 

[0079] When this matter is considered in the abovementioned 
model, scanning by the polygon mirror of Fig. 13 can be 
considered as equivalent to shifting the phase medium of Figs. 
14 with respect to the optical axis. 

[0080] Then, it is expected that the profile form differences 
among the beam when the phase 5 = 0 (A) , the beam when the phase 
8 = Tp/4 (B) , and the beam 8 when the phase 8 = Tp/2 (C) appear 
as black lines. 

[0081] (4) Residual wavefront aberration 

In Model 2, to increase reality, wavefront aberration is also 
placed on the incidence beam when under consideration. 
[0082] In an actual optical system, residual aberration exists 
in the collimator optical system which creates an incidence 
beam in this simulation, and in the scanning optical system, 
designed coma aberration also slightly exists when an image 
height is provided. These residual aberrations may influence 
black lines. 
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[0083] In this model, consideration is given regarding only 
the horizontal scanning direction, and it is one-dimensional, 
so that coma aberration and spherical aberration are placed 
on as wavefront aberration. When the wavefront aberration is 
transformed into a form obtained by approximately making 
Zernike development one-dimensional, the following numerical 
expression is derived: 
[0084] 

[Numerical expression 15] 

9) W E (j))=SA^p A -6p 2 +\)+CM^p 2 -2p 2 ) ...(15) 

[0085] p denotes a value obtained by normalizing the pupil 
radius. SA denotes a Zernike coefficient of the spherical 
aberration, and CM denotes a Zernike coefficient of the coma 
aberration. Furthermore, when SArms is defined as an rms value 
of the spherical aberration and CMrms is defined as an rms value 
of the coma aberration, the following numerical expression: 
[0086] 

[Numerical expression 16] 

SA=4lSArms } 

> ... (16) 

CM = ijlCMrms 

[0087] is derived. 

[0088] Based on the abovementioned conditions, Expressions (4) 
and (8) are analyzed. 
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[0089] In the simulation described below, numerical analysis 
is carried out by using fast Fourier transform. Furthermore, 
in this simulation, a beam diameter at each clip level of the 
PSF beam profile is necessary to be obtained as a result, so 
that the PSF has been normalized at a maximum intensity. 
Therefore, the constant A of Expression (4), the constant G 1 
of Expression (5), and the constant B of Expression (6) are 
set to 1, respectively. 
[0090] * Embodiment simulation 
(1) Common conditions 

Only horizontal scanning is examined. The lens has a focal 
length f = 280mm, and the phase medium is installed at a position 
of 100mm from the image surface. Namely:. 

• Focal length f = 280mm (wavelength: 780nm) 

• Phase medium positioned at 100mm from the image surface 

• Refractive index of phase medium: 1.48595 

• Wavelength: 780nm 

• Three values of eclipse degree s are used for simulation 
considering scattering of the spreading angle of the laser 
although this degree is determined by NA( C0L ) / NA( LD ) using NA 
( C0L ) of the collimator lens and NA( LD ) due to the spreading angle 
with an intensity of 1/e 2 of the laser. 

[0091] e = 0.767 
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g = 0.623 
s = 1.000 

• In both cases where the intensity distribution changing means 
is provided or not provided, since the resolution is set in 
a condition where no undulation exists (PV 0|im) and no residual 
aberration exists (spherical aberration rms value = 0X f coma 
aberration rms value = OX, X = 780nm) , a slit is set so that 
the beam diameter at 1/e 2 (13.5%) becomes almost 60|im at an 
eclipse degree £ = 0.767. 
[0092] (2) Simulation method 

Simulation is carried out in the order of 1) and 2) described 
as follows. 

[0093] 1) Estimating the center value of the laser spreading 
angle, when the present invention is not provided, and" when 
the PV value of undulation of the phase medium of the embodiment 
of the invention and residual aberration are set to 0, a slit 
width 2D and a Gaussian coefficient a are calculated from the 
following expression: 
[0094] 

[Numerical expression 17] 

[0095] so that the beam diameter becomes almost 60(jm at a clip 
level of 1/e 2 (13.5%) . 
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[0096] With respect to these slit width 2D and a, a simulation 
is carried out when the PV and the residual aberration values 
of the undulation of the phase medium at the abovementioned 
three values of 8 become 0, whereby beam diameters at 1/e 2 are 
calculated and beam diameter scattering is observed. 
[0097] 2) In this condition, a simulation assuming slight 
undulation existing on the lens surface is carried out. 
[0098] Conditions of the phase medium assuming undulation of 
the lens surface 

• PV value of undulation: 0.05|in (machining limit) 

• Undulation period: Set so that 1.65 periods correspond to 
a light flux that strikes the phase medium. In a case where 
the slit width 2D = 6mm and the abovementioned conditions are 
set, the following relationship is satisfied: 

Tp = d/f-2D/1.65 « 1.3mm 

• Undulation phase: one period from 0. to 2n. 

• Residual aberration: In the case of an LBP, aberrations 
existing in an LD and a collimator system and aberrations 
occurring from the time of designing in the scanning optical 
system are assumed and summed, whereby residual aberration is 
one-dimensionally set as an rms value of wavefront aberration. 
(Coma aberration, spherical aberration) 

(3) When no intensity distribution changing means is provided 
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1) Determination of slit width and Gaussian coefficient 
To set the beam diameter to almost 60jxm at 8 = 0.767 and 1/e 2 , 
the half value D of the slit width = 3mm and the Gaussian 
coefficient a = 0.0653, wherein the following results: 
[0099] 

[Table 1] 



e 


Beam diameter 


(lam) 


13.5% 


6% 


4% 


(a) 0.767 


61.2 


70.1 


73.7 


(b) 0.623 


56.7 


64.7 


67.8 


( c ) 1.000 


71.0 


82.0 


86.8 



[0100] are obtained. 



[0101] 2) Verification of a beam diameter change due to an 
undulation phase change with respect to the optical axis when 
a phase medium with an undulation of PV 0.05|im with respect 
to each eclipse degree 8 is installed 

• Residual aberration: spherical aberration rms = 0.025A,, coma 
aberration rms = 0.025A, 

• Undulation period: Tp = 1.3mm (1.65 periods with respect to 
a light flux that strikes the phase medium) 

• Undulation phase: A beam diameter change in response to a 
change from 0 to 2n is observed. 

[0102] 
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Results Figs. 15 (a) e = 0.767 

(b) e = 0.623 

(c) 8 = 1.000 

As a result, as shown in Figs. 15(a) and (b) , it is understood 
that when the value of £ is small, both a phase that is influenced 
by a side lobe and a phase that is not influenced by a side 
lobe exist, and a beam diameter change at a clip level of 6% 
remarkably increase. This is considered to cause black lines 
in printing. 

[0103] When e becomes larger, as shown in Fig. 15 (c) , the phase 
is not influenced by the side lobe, and at a clip level of 6%, 
the beam diameter change becomes smaller. Therefore, it is 
understood that black lines hardly occur as the eclipse degree 
e becomes smaller. However, it is also understood that when 
a semiconductor laser is used as a light source, laser spreading 
angle scattering is great, and the scattering in the laser 
spreading angle causes black lines when printing. 

[0104] (4) Detailed examples of intensity distribution 
changing means 

As examples of the intensity distribution changing means, six 
types of intensity distribution changing means having 
transmittance distributions in the horizontal scanning 
direction shown by 1) through 4) of Fig. 16 and 5) and 6) of 
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Fig. 17 are used. 
[0105] Example 1 

Example 1 is an intensity distribution changing means having 
an amplitude transmittance in the horizontal scanning 
direction as shown by 1) of Fig. 16, wherein the amplitude 
transmittance at the periphery of the optical axis is almost 
100%, and becomes almost 50% at the periphery of the aperture 
in the horizontal scanning direction. Furthermore, the 
transmittance distribution of this intensity distribution 
changing means linearly lowers from the periphery of the 
optical axis to the periphery of the aperture in the horizontal 
scanning direction. 

[0106] In a case where the optical axis is set as an origin, 
when a coordinate in the horizontal scanning direction is 
defined as x, the amplitude transmittance of the intensity 
distribution changing means is defined as T(x) (unit: %) , and 
the radius of the aperture (or distance from the optical axis 
to the end of the aperture) is defined as D, the amplitude 
transmittance of the intensity distribution changing means is 
expressed as: 
T(x) = (1-0.5-x/D) 

[0107] A simulation using the abovementioned model in the case 
where this intensity distribution changing means was used was 




carried out to verify its effect. 
[0108] Simulation verification 

1) Determination of slit width and Gaussian coefficient 

In order to obtain a beam diameter of almost 60|wn in the case 

of 8 = 0.767 and 1/e 2 , the half value D of the slit width = 3.4mm 

and the Gaussian coefficient a = 0.0509, wherein the following 

results : 

[0109] 

[Table 2] 



E 


Beam diameter (jam) 


13.5% 


6% 


4% 


(a) 0.767 


61.0 


70.8 


74.8 


(b) 0.623 


56. 6 


65.2 


68.8 


( c ) 1.000 


70.3 


82. 3 


87. 6 



[0110] are obtained. 



[0111] 2) Verification of beam diameter change due to phase 
change of undulation with respect to an optical axis when a 
phase medium with an undulation of PV O.OSjjm with respect to 
each eclipse degree 6 is installed 

• Residual aberration: spherical aberration rms = 0.025A,, coma 
aberration rms = 0.025A, 

• Undulation period: Tp = 1.5mm (approximately 1.65 periods 
of undulation with respect to a light flux that strikes the 



- 28 - 



phase medium) 

• Undulation phase: A beam diameter change in response to a 
change from 0 to 2n is observed. 
[0112] Results Figs. 18 (a) s = 0.767 

(b) s = 0.623 

(c) s = 1.000 

As seen in Fig. 18(a) through Fig. 18(c), "the beam diameter 
at a clip level of 6% is not influenced by the side lobe. In 
comparison to a case where no intensity distribution changing 
means is provided, it is understood that the influence is 
smaller in the case using the intensity distribution changing 
means of Example 1. 

[0113] As shown in Figs. 18 (a) and (b) , when the eclipse degree 
s is at a small value (8 = 0. 623) and a light amount distribution 
in the horizontal scanning direction of light before passing 
through the intensity distribution changing means approaches 
uniformity, although a beam diameter of a clip level of 4% is 
influenced by a side lobe, this hardly influences an actual 
image. However, it may be influenced in a case where a 
photoreceptor with a high sensitivity is used, so that it is 
desirable that a laser and a photoreceptor whose beam diameter 
changes are hardly influenced at a clip level of 4% are used. 

[0114] Example 2 
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Example 2 is an intensity distribution changing means with an 
amplitude transmittance in the horizontal scanning direction 
as shown by 2) of Fig. 16, wherein the amplitude transmittance 
becomes almost 100% at the periphery of the optical axis, and 
becomes almost 20% at the periphery of the aperture in the 
horizontal scanning direction. Furthermore, the transmittance 
distribution of this intensity distribution changing means 
linearly lowers from the periphery of the optical axis to the 
periphery of the aperture in the horizontal scanning direction . 
[0115] In a case where the optical axis is set as an origin, 
when the coordinate in the horizontal scanning direction is 
defined as x, the amplitude transmittance of the intensity 
distribution changing means is defined as T(x) (unit: %) , and 
the radius of the aperture (or distance from the optical axis 
to the end of the aperture) is defined as D, the amplitude 
transmittance of the intensity distribution changing means is 
expressed as follows: 
T(x) - (1-0.8-x/D) 

[0116] A simulation using the abovementioned model in a case 
where this intensity distribution changing means was used was 
carried out to verify its effect. 
[0117] Simulation verification 

1) Determination of slit width and Gaussian coefficient 
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In order to obtain a beam diameter of almost 60(im at s = 0.767 
and 1/e 2 , the half value D of the slit width = 3.9mm and the 
Gaussian coefficient a = 0.0387, wherein the following 
results : 
[0118] 



[Table 3] 



e 


Beam diameter (\im) 


13.5% 


6% 


4% 


(a) 0.767 


60.5 


70. 9 


75.5 


(b) 0.623 


56.5 


65. 9 


70.0 


( c ) 1.000 


68.4 


80.9 


86.5 



[0119] are obtained. 



[0120] Verification of beam diameter change in response to 
phase change of undulation with respect to the optical axis 
when a phase medium with an undulation of PV 0 . 05|im with respect 
to each eclipse degree s is provided 

• Residual aberration: Spherical aberration rms = 0.025A,, coma 
aberration rms = 0.025A, 

• Undulation period: Tp = 1.7mm (approximately 1.65 periods 
with respect to a light flux that strikes the phase medium) 

• Undulation phase: A beam diameter change in response to a 
change from 0 to 2n is observed. 

[0121] 
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Results Figs. 19 (a) 8 = 0.767 

(b) e = 0.623 

(c) e = 1.000 

As seen in Fig. 19(a) through Fig. 19(c), the beam diameters 
at clip levels of 4% and 6% are not influenced by a side lobe. 
In comparison to the case where no intensity distribution 
changing means is provided, it is understood that the side lobe 
influence becomes smaller in the case where the intensity 
distribution changing means of Example 2 is used. 
[0122] Furthermore, in the intensity distribution changing 
means of Example 2, even the beam diameter at a clip level of 
4% is not influenced by the side lobe, and a beam diameter change 
in response to an undulation phase change is not so great, so 
that black lines are hardly caused in comparison to the 
intensity distribution changing means of Example 1. 
[0123] Example 3 

Example .3 is an intensity distribution changing means with an 
amplitude transmittance in the horizontal scanning direction 
as shown by 3) in Fig. 16, and the amplitude transmittance at 
the periphery of the optical axis is almost 100%, and the 
amplitude transmittance at the periphery of the aperture in 
the horizontal scanning direction is almost 50%. Furthermore, 
the transmittance distribution of this intensity distribution 
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changing means quadratically lowers from the periphery of the 
optical axis to the periphery of the aperture in the horizontal 
scanning direction. 

[0124] In a case where the optical axis is set as an origin, 
when a coordinate in the horizontal scanning direction is 
defined as x, the amplitude transmittance of the intensity 
distribution changing means is defined as T(x) (unit: %), and 
the radius of the aperture (or distance from the optical axis 
to the end of the aperture) is defined as D, the amplitude 
transmittance of the intensity distribution changing means is 
expressed as follows: 
T(x) = (1-0.5- (x/D) 2 ) 

[0125] A simulation using the abovementioned model in a case 
where this intensity distribution changing means was used was 
carried out to verify its effect. 
[0126] Simulation verification 

1) Determination of slit width and Gaussian coefficient 
In order to obtain a beam diameter of almost 60|um at e = 0.767 
and 1/e 2 , the half value D of the slit width = 3.35mm, and the 
Gaussian coefficient a = 0.0524, wherein the following 
results : 
[0127] 
[Table 4] 
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8 


Beam diameter 


(ym) 


13.5% 


6% 


4% 


(a) 0.767 


60.8 


70.1 


73.9 


(b) 0.623 


56.6 


65.0 


68.4 


( c ) 1.000 


69.5 


80.8 


85.6 



[0128] 



are obtained. 

[0129] 2) Verification of a beam diameter change due to an 
undulation phase change with respect to the optical axis when 
a phase medium with an undulation of PV 0.05|im with respect 
to each eclipse degree e is installed 

• Residual aberration: spherical aberration rms = 0.025X, coma 
aberration rms = 0.025A, 

• Undulation period: Tp = 1.5mm (approximately 1.65 periods 
with respect to a light flux that strikes the phase medium) 

• Undulation phase: A beam diameter change in response to a 
change from 0 to 2n is observed. 

[0130] 

Results Figs. 20 (a) 8 = 0.767 

(b) 8 = 0.623 

(c) s = 1.000 

As shown in Figs. 20(a) and (b) , when the eclipse degree s is 
at a small value and the light amount distribution in the 
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horizontal scanning direction of light before passing through 
the intensity distribution changing means approaches 
uniformity, the beam diameter at a clip level of 4% is 
influenced by a side lobe. Furthermore, in a case where the 
eclipse degree e = 0.623, the beam diameter at a clip level 
of 6% is also easily influenced by a side lobe and a beam 
diameter change in response to a phase change" of an undulation 
of PV 0.05jim increases, however, In comparison to a case where 
no intensity distribution changing means is provided, the 
influence on the beam diameter from the side lobe is smaller. 
[0131] Example 4 

Example 4 is an intensity distribution changing means of an 
amplitude transmittance in the horizontal scanning direction 
as shown by 4) of Fig. 16, wherein the amplitude transmittance 
at the periphery of the optical axis is almost 100%, and the 
amplitude transmittance at the periphery of the aperture is 
almost 20%. Furthermore, the transmittance distribution of 
this intensity distribution changing means quadratically 
lowers from the periphery of the optical axis to the periphery 
of the aperture in the horizontal scanning direction. 
[0132] In a case where the optical axis is set as an origin, 
when a coordinate in the horizontal scanning direction is 
defined as x, the amplitude transmittance of the intensity 
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distribution changing means is defined as T(x) (unit: %), and 
the radius of the aperture (or distance from the optical axis 
to the end of the aperture) is defined as D, the amplitude 
transmittance of the intensity distribution changing means is 
expressed as follows: 
T(x) = (1-0.8- (x/D) 2 ) 

[0133] A simulation using the abovementioned model in a case 
where this intensity distribution changing means was used was 
carried out to verify its effect. 
[0134] Simulation verification 

1) Determination of slit width and Gaussian coefficient 
In order to obtain a beam diameter of almost 60pm at 8 = 0.767 
and 1/e 2 , the half value D of the slit width = 3.70mm, and the 
Gaussian coefficient a = 0.0430, wherein the following 
results : 
[0135] 



[Table 5] 



E 


Beam diameter 


(Vim) 


13.5% 


6% 


4% 


(a) 0.767 


59.9 


69.3 


73.2 


(b) 0.623 


56.3 


64. 9 


68.5 


( c ) 1.000 


67.2 


78.3 


83.0 



[0136] 
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are obtained. 

[0137] 2) Verification of a beam diameter change due to an 
undulation phase change with respect to the optical axis when 
a phase medium with an undulation of PV 0.05|jm with respect 
to each eclipse degree 8 is installed 

• Residual aberration: spherical aberration rms = 0.025A., coma 
aberration rms = 0.025A. 

• Undulation period: Tp = 1.6mm (approximately 1.65 periods 
with respect to a light flux that strikes the phase medium) 

• Undulation phase: A beam diameter change in response to a 
change from 0 to 2n is observed. 

[0138] 

Results Figs. 21 (a) e = 0.767 

(b) 6 = 0.623 

(c) e = 1.000 

As seen in Fig. 21(a) through Fig. 21(c), the beam diameter 
at a clip level of 6% is not influenced by a side lobe. In 
comparison to a case where no intensity distribution changing 
means is provided, it is clearly understood that there is no 
influence from a side lobe. 

[0139] As shown in Fig. 21(b), when the eclipse degree 8 is 
at a small value (8 = 0.623) and the light amount distribution 
in the horizontal scanning direction of light before passing 
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through the intensity distribution changing means approaches 
uniformity, the beam diameter at a clip level of 4%. is 
influenced by a side lobe. In this example, as in Example 1, 
it is desirable that a laser and a photoreceptor whose beam 
diameter changes at a clip level of 4% are hardly influenced 
are used. 
[0140] Example 5 

Example 5 is an intensity distribution changing means of an 
amplitude transmittance in the horizontal scanning direction 
as shown by 5) of Fig. 17, wherein the amplitude transmittance 
at the periphery of the optical axis is almost 100%, and the 
amplitude transmittance at the periphery of the aperture in 
the horizontal scanning direction is almost 50%. Furthermore, 
the transmittance distribution of this intensity distribution 
changing means cosinely lowers from the periphery of the 
optical axis to the periphery of the aperture in the horizontal 
scanning direction . 

[0141] In a case where the optical axis is set as an origin, 
when a coordinate in the horizontal scanning direction is 
defined as x, the amplitude transmittance of the intensity 
distribution changing means is defined as T(x) (unit: %), and 
the radius of the aperture (or distance from the optical axis 
to the end of the aperture) is defined as D, by the following 
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expression: 
[0142] 

[Numerical expression 18] 
T(x) = 0.25 • (l + COS{n • x I £)))+ 0.5 

[0143] the amplitude transmittance of the intensity 
distribution changing means is expressed. 

[0144] A simulation using the abovementioned model in a case 
where this intensity distribution changing means was used was 
carried out to verify its effect. 
[0145] Simulation verification 

1) Determination of slit width and Gaussian coefficient 
In order to obtain a beam diameter of almost 60|im at e = 0.767 
and 1/e 2 , the half value D of the slit width = 3.50mm, and the 
Gaussian coefficient a = 0.0480, wherein the following 
results : 
[0146] 

[Table 6] 





Beam diameter 


(pm) 


13.5% 


6% 


4% 


(a) 0.767 


61.1 


71.0 


75.2 


(b) 0.623 


56. 6 


65.5 


69.2 


( c ) 1.000 


70.2 


82.3 


87.7 



[0147] 
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are obtained. 

[0148] 2) Verification of a beam diameter change due to an 
undulation phase change with respect to the optical axis when 
a phase medium with an undulation of PV O.OSfim with respect 
to each eclipse degree s is installed 

• Residual aberration: spherical aberration rms = 0.025A,, coma 
aberration rms = 0.025A, 

• Undulation period: Tp = 1.5mm (approximately 1.65 periods 
with respect to a light flux that strikes the phase medium) 

• Undulation phase: A beam diameter change in response to a 
change from 0 to 2n is observed. 

[0149] 

Results Figs. 22 (a) s = 0.767 

(b) 8 = 0.623 

(c) s = 1.000 

As seen in Fig. 22(a) through Fig. 22(c), the beam diameter 
at a clip level of 6% is not influenced by a side lobe. In 
comparison to a case where no intensity distribution changing 
means is provided, it is clearly understood that there is no 
influence from a side lobe. 

[0150] As shown in Fig. 22(b), when the eclipse degree s is 
at a small value (e = 0.623) and the light amount distribution 
in the horizontal scanning direction of light before passing 
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through the intensity distribution changing means approaches 
uniformity, the beam diameter at a clip level of 4% is 
influenced by a side lobe. Furthermore, the influence on a beam 
diameter change in response to a phase change of undulation 
of PV 0.05(im is smaller than in Example 1. In this example, 
as in Example 1, it is desirable that a laser and a photoreceptor 
whose beam diameter changes at a clip level of 4% are not 
influenced are used. 
[0151] Example 6 

Example 6 is an intensity distribution changing means of an 
amplitude transmittance in the horizontal scanning direction 
as shown by 6) of Fig. 17, wherein the amplitude transmittance 
at the periphery of the optical axis is almost 100%, and the 
amplitude transmittance at the periphery of the aperture in 
the horizontal scanning direction is almost 20%. Furthermore, 
the transmittance distribution of this intensity distribution 
changing means cosinely lowers from the periphery of the 
optical axis to the periphery of the aperture in the horizontal 
scanning direction. 

[0152] In a case where the optical axis is set as an origin, 
when a coordinate in the horizontal scanning direction is 
defined as x, the amplitude transmittance of the intensity 
distribution changing means is defined as T(x) (unit: %), and 
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the radius of the aperture (or distance from the optical axis 
to the end of the aperture) is defined as D, by the following 
expression: 
[0153] 

[Numerical expression 19] 
T(x) = 0.4 • (l + COS(x •x/D))+ 0.2 

[0154] the amplitude transmittance of the intensity 
distribution changing means is expressed. 

[0155] A simulation using the abovementioned model in a case 
where this intensity distribution changing means was used was 
carried out to verify its effect. 
[0156] Simulation verification 

1) Determination of slit width and Gaussian coefficient 

In order to obtain a beam diameter of almost 60(im at e = 0.767 

and 1/e 2 , the half value D of the slit width = 4.10mm, and the 

Gaussian coefficient a = 0.0350, wherein the following 

results : 

[0157] 

[Table 7] 



s 


Beam diameter 


(pm) 


13.5% 


6% 


4% 


(a) 0.767 


61.2 


72.0 


76.7 


(b) 0.623 


57.4 


67.4 


71.7 
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( c ) 1.000 


68.4 


80.7 


86.2 



[0158] 



are obtained. 

[0159] 2) Verification of a beam diameter change due to an 
undulation phase change with respect to the optical axis when 
a phase medium with an undulation of PV 0.05|im with respect 
to each eclipse degree e is installed 

• Residual aberration: spherical aberration rms = 0.025X, coma 
aberration rms = 0.025^ 

• Undulation period: Tp = 1.8mm (approximately 1.65 periods 
with respect to a light flux that strikes the phase medium) 

• Undulation phase: A beam diameter change in response to a 
change from 0 to 2n is observed. 

[0160] 

Results Figs. 23 (a) 8 = 0.767 

(b) s = 0.623 

(c) s = 1.000 

As seen in Fig. 23(a) through Fig. 23(c), the beam diameters 
at clip levels of 4% and 6% are not influenced by a side lobe. 
In comparison to a case where no intensity distribution 
changing means is provided, it is clearly understood that there 
is no influence from a side lobe. Furthermore, in the intensity 
distribution changing means of this example, even the beam 
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diameter at a clip level of 4% is not influenced by a side lobe, 
and a great beam diameter change does not occur in response 
to a phase change of undulation, so that black lines are not 
caused. 

[0161] The intensity distribution changing means shown in the 
examples mentioned above are only required to change a light 
flux having a uniform light amount distribution into a light 
flux having a predetermined amplitude distribution without 
phase distribution changes when the light flux passes through, 
and therefore the means may be formed of an intensity 
distribution changing filter or a coating film on optical 
elements . In the case where the intensity distribution changing 
means is a filter, a slit may be integrally formed. 
[0162] 

[Effects of the Invention] An effect of the invention relating 

to Claim 1 is that black lines can be prevented. 

[0163] An effect of the invention relating to Claim 2 is that 

arrangement is easy and the optical system can be easily 

constructed. 

[0164] An effect of the invention relating to Claim 3 is that 
any further increase in the number of parts is not necessary, 
and the degree of freedom of optical arrangement is high. 
[0165] An effect of the invention relating to Claim 4 is that 
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the intensity distribution changing means can be easily 
manufactured and mass production thereof is easy. 
[0166] An effect of the invention relating to Claim 5 is that 
allowance for the occurrence of black lines increases. 
[0167] As described above, the invention provides a scanning 
optical system which can prevent the occurrence of black lines 
and has a great advantage in terms of costs. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 

[Fig. 1] A diagram showing an example of a scanning optical 
system. 

[Figs. 2] Diagrams showing micro undulation on the lens 
surface . 

[Fig. 3] A diagram showing a beam profile and respective clip 
levels . 

[Fig. 4] A diagram showing undulation of the beam profile on 
the lens surface and horizontal scanning measured values at 
the respective clip levels. 

[Fig. 5] A diagram showing undulation of the beam profile on 
the lens surface and vertical scanning measured values at the 
respective clip levels. 

[Fig. 6] A diagram showing undulation of the beam profile on 
another lens surface and horizontal scanning measured values 
at the respective clip levels. 



[Fig. 7] A diagram showing undulation of the beam profile on 
another lens surface and vertical scanning measured values at 
the respective clip levels. 

[Fig. 8] A diagram showing a model for analyzing influence on 
a beam profile from undulation on an optical surface. 
[Fig. 9] A diagram showing a condition where light emitted from 
a laser reaches a slit via a collimator. 

[Fig. 10] A diagram showing a Gaussian distribution and the 
slit. 

[Fig. 11] A diagram showing a phase medium having undulation 
of a sine function. 

[Fig. 12] A diagram showing the undulation of Fig. 11 sideways. 
[Fig. 13] A diagram showing beam scanning by the polygon mirror 
of the scanning optical system. 

[Figs. 14] Diagrams corresponding to beam profiles a, b, and 
c in response to beam scanning of Fig. 13. 

[Figs. 15] Diagrams showing beam diameter changes in response 
to a phase change (0 to 2n) of undulation at each eclipse degree. 
[Fig. 16] A diagram showing four types of transmittance 
distributions 1) through 4) by the intensity distribution 
changing means. 

[Fig. 17] A diagram showing two types of transmittance 
distributions 5) and 6) by the intensity distribution changing 
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means . 

[Figs. 18] Diagrams showing beam diameter changes in Example 
1. 

[Figs. 19] Diagrams showing beam diameter changes in Example 
2. 

[Figs. 20] Diagrams showing beam diameter changes in Example 
3. 

[Figs. 21] Diagrams showing beam diameter changes in Example 
4. 

[Figs. 22] Diagrams showing beam diameter changes in Example 
5. 

[Figs. 23] Diagrams showing beam diameter changes in Example 
6. 

[Description of Symbols] 
a undulation amplitude 

5 undulation phase with respect to optical axis 

D half value of slit width 

L ideal lens 

n refractive index 

P phase medium 

S slit 

Tp undulation pitch 
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c =1.000 (Example 2, Intensity distribution 
changing means) 
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e = 1.000 (Example 3, Intensity distribution 
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e =0,767 (Example 5, Intensity distribution 
changing means) 
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